Clinical studies of oral viridans streptococci have been made more difficult by recent findings that strains formerly placed within Streptococcus sanguis or Streptococcus mitis may represent six distinct genetic groups (6) . Those groups have been assigned the species names Streptococcus gordonii, S. sanguis, Streptococcus oralis, S. mitis, Streptococcus parasanguis, and Streptococcus crista (6, 11, 19, 23, 42) . Species differences may be of importance in oral ecology, since newly defined groups appear to occupy distinct oral sites. Recent clinical studies have suggested that S. sanguis, S. oralis, and S. mitis biovar 1 strains are early colonizers of the tooth surface. Moreover, prevalences of those species differed in caries-active and caries-inactive individuals. S. gordonii seemed to appear later, as plaque became mature. S. mitis biovar 2 was infrequently seen in plaque but was highly prevalent on the dorsum of the tongue (14, 24, 28, 29) .
Sanguis group species are not distinguishable on the basis of colony morphology. Current identification protocols therefore rely on series of phenotypic tests (2, 23) . One potential problem with such testing is that not all members of a given species may be positive for particular traits (2, 23) . Another potential problem is that laboratory strains of streptococci can undergo phenotypic shifts on passage in vitro and in vivo (20, 39) . This raises the possibility that phenotypic classifications based on reference strains do not apply to all clinical isolates.
Methods for genotypic identification of newly defined species could help to resolve such problems. We began to investigate those methods in the context of a large population-based study of saliva antimicrobial protein effects on plaque composition (32) . Initial studies focused on restriction endonuclease fingerprinting of a panel of strains previ-* Corresponding author. Electronic mail address: jrudney@staff.
tc.umn.edu. ously assigned to each species on the basis of DNA hybridization (33) . We found restriction endonuclease fingerprints to be strain specific in conventional agarose gels, which indicated that each species is genetically diverse. Strain fingerprints for rare restriction sites were equally diverse in field inversion gels. However, patterns produced were much simpler, which did facilitate comparison of different strains.
The study reported here employed ribotyping as an alternative approach to genotypic identification of streptococcal species. Ribotyping compares patterns produced when probes for rRNA genes are hybridized with restriction digests of chromosomal DNA (38) . rRNA operons contain many highly conserved sequences (21, 25) . This property allows cross-hybridization of a probe from a convenient species across distantly related groups. Commercially available rRNA from Escherichia coli thus has been used to ribotype a wide range of gram-negative and gram-positive species (1, 3, 4, 38) . Ribotype patterns are considerably simpler than DNA fingerprints from conventional gels, but they can show diversity within species. That combination of simplicity and diversity has made ribotyping a useful technique for tracking strains in epidemiological studies (1, 3, 4, 31, 37, 43) . However, the high degree of conservation among rRNA sequences can make ribotypes useful for species identification as well. A number of studies have reported ribotype patterns that contain bands common to all members of the same species (9, 17, 18, 22, 27, 30, 36) . This technique thus may allow oral streptococci to be identified at the level of both strain and species. We compared ribotype patterns obtained with seven restriction enzymes in a panel of 25 strains assigned to the six newly defined groups in previous DNA hybridization studies. Research questions were as follows: are ribotype patterns in strains of known affiliation species or strain specific, and can bands which are shared among members of the same species be identified? (33) . API Rapid Strep findings were supplemented by using the method of Douglas et al. (11) to test for amylase binding.
When strains were digested with HindIII or PvulI, fingerprint patterns were compared with those seen in our previous study (33) .
Preparation of DNA. Chromosomal DNA was prepared in agarose beads as described by Rudney et al. (33) . Washed cells were emulsified with low-melting-point agarose (Sigma, St. Louis, Mo.) in paraffin oil. Cells embedded in beads were lysed with a mixture of 2 mg of lysozyme per ml, 1,000 U of achromopeptidase per ml, and 42.5 U of mutanolysin per ml (all from Sigma), followed by 2% sodium dodecyl sulfate (SDS) and 200 ,ug of proteinase K (GIBCO BRL, Gaithersburg, Md.) per ml, all at 40°C. We first began to prepare DNA in agarose beads for field inversion gel electrophoresis (33) . This method prevents shearing of large DNA fragments obtained with enzymes having rare restriction sites (5, 40 Restriction endonuclease panel. Ribotypes for a given set of strains and species tend to vary according to the restriction enzyme used. Some enzymes may produce patterns that are largely strain specific, while others may yield patterns with common bands. Results are difficult to predict in advance, so it is important to compare findings across a panel of endonucleases (18, 22, 36) . HindIII and PvuII (GIBCO BRL) were selected for this study because they have been used to ribotype other genera (1, 3, 4, 17, 22, 31, 36) . They likewise allowed us to check fingerprints against those seen in our previous study (33) . Those enzymes also were used in a double digest. EcoRI and BamHI (GIBCO BRL) were added to the panel as additional enzymes used by other investigators (1, 4, 9, 18, 22, 30, 36, 37, 43 (1) . All hybridization steps were carried out in an incubator-shaker (Boekel, Philadelphia, Pa.), with the membrane in a heat-sealed plastic bag. The membrane was prehybridized overnight at 65°C with hybridization solution consisting of 5 x SSC, 0.1% Sarkosyl, 0.02% SDS, and 0.01% blocking agent (provided as part of the Genius 3 digoxigenin detection system from Boehringer Mannheim). The membrane was then incubated overnight at 65°C in hybridization solution with heat-denatured probe. This was followed by two 5-min washes with 4x SSC-0.1% SDS and two washes with 0.1x SSC-0.1% SDS, all at 25°C. Bound digoxigenin-labeled probe was detected by using the Genius 3 kit according to the manufacturer's instructions (1) .
Comparison of ribotype patterns. Blots were scanned at a resolution of 1,024 by 1,024 pixels with a Visage 110 image analysis system (Bio-Image, Ann Arbor, Mich.). Visage program WHOLE BAND was used for determination of band sizes, as described by Rudney et al. (33) . Band size patterns were compared among members of the same and different species by using Visage program WB COMPARE. This was done by visual examination of band patterns from images and also by computer matching of bands. Strains belonging to the same species were run in the same gel for initial evalqation. Replicates of representative strains were run in different gels to evaluate the reproducibility of band patterns and size estimates. When bands appeared to be species specific, results were checked by running different species in the same gel.
RESULTS
Replicate lanes in different gels always could be identified by visual examination. The presence or absence of minor bands was influenced by the amount of DNA loaded in replicate lanes, but this did not interfere with recognition of the ribotype patterns. Computer matching of bands by size was not always successful when the same strains were run in different gels. This problem was particularly apparent with bands larger than 10,000 bp or smaller than 2,000 bp. Species could be discriminated by visual identification of consistent band patterns within ribotypes forAatll, PvuII, andAlwNI.
Band sizes given below are means plus or minus standard deviations.
AatII typically produced ribotypes containing closely spaced bands larger than 8,000 bp and smaller bands that were widely separated. S. oralis, S. mitis, and S. parasanguis all showed a band at approximately 2,290 + 17 bp that was absent from S. gordonii, S. sanguis, and S. crista strains ( Fig. 1 and 2 ). All S. gordonii strains shared a band at approximately 9,374 + 113 bp and a doublet at approximately 7,086 ± 40 and 6,587 ± 49 bp (Fig. 1) . S. sanguis strains shared a doublet at approximately 9,776 ± 168 and 9,324 + 46 bp (Fig. 1) . The lower band in that doublet appeared to correspond to the 9,374-bp band noted for S. gordonii (Fig. 1) . S. crista CR3 displayed a band at approximately 2,440 bp that was not present in other species. S. oralis, S. mitis, and S. parasanguis strains could not readily be distinguished from one another. All showed the common band noted above, and common bands were seen among subsets of strains. However, no common bands were specific for all members of a given species (Fig. 2) . AatII ribotypes thus were primarily useful for identification of S. gordonii, S. sanguis, and S. crista. Unique bands were present in mostAatIl patterns, so that enzyme could be used to identify strains within species. PvuII ribotypes also were useful for discriminating among S. gordonii, S. sanguis, and S. crista strains (Fig. 3) , but patterns were less strain specific than those seen withAatII. Identical patterns were seen for S. gordonii S7, M5, ATCC 12396, and SPED3; strain ATCC 33399 was only slightly different from that group. S. gordonii Blackburn and ATCC 10558 appeared to form a distinct set which shared bands with the five strains above at approximately 4,500 ± 50, 3,475 ± 60, and 3,020 ± 6 bp. S. sanguis PvuII patterns were strain specific, but that species could be distinguished by the presence of a common band at approximately 2,100 ± 50 bp. S. crista CR3 showed a PvuII pattern which was different from all S. gordonii or S. sanguis strains. PvuII patterns for S. oralis, S. mitis, and S. parasanguis were strain specific; no bands seen were shared by all members of a species (not VOL. 31 S. oralis could be distinguished from S. mitis and S. parasanguis by AlwNI ribotypes (Fig. 4 and 5 (Fig. 4) Fig. 1 (Fig. 1) . Strains ATCC 10556 and 13379 shared three major bands in PvuII ribotypes (Fig. 3) , while BamHI ribotypes for those strains were identical (Fig. 5) . Comparable results were observed for EcoRI patterns (Fig. 5) (6, 16, 23) , and it also is supported by phenotypic differences in cell wall structure (35) . AatII ribotype results are consistent with a two-lineage concept, since a prominent 2,250-bp band was present in S. oralis and S. mitis and absent in S. gordonii and S. sanguis. Ribotype results also agree with established divisions of species within each lineage. Common bands in AatII and PvuII ribotypes could be used to separate S. gordonii strains from S. sanguis strains; common bands in AlwNI and DraII ribotypes could be used to separate S. oralis strains from S. mitis strains. The utility of ribotyping for identification of S. crista and S. parasanguis strains is more difficult to establish. Ribotypes for the S. crista strain we used were distinct from those seen for other groups. However, additional S. crista strains must be examined to determine whether common bands exist for the enzymes used here. S. parasanguis presents a different problem. AatII ribotypes for the seven strains used all showed the 2,290-bp band seen for S. oralis and S. mitis. Moreover, S. parasanguis strains showed PvuII, AlwNI, and EcoRI ribotypes that were very similar to those of S. mitis strains. Those findings suggest that it may be difficult to distinguish S. parasanguis from S. mitis by ribotyping. One explanation for that difficulty might be that those species are very closely related.
Ribotypes describe sequence diversity in only small portions of the rRNA operon, and apparent diversity will vary according to restriction enzymes used. DNA hybridization and rRNA sequencing provide more-complete information on similarity between genotypes, although it is important to note that results of those methods do not always agree (26) . Neither approach has been used to compare current S. (42) . However, NCTC 3165 is now considered to be a member of S. gordonii (6, 16, 23) . That reclassification is supported by this study, since strain ATCC 33399 showed a PvuII ribotype very similar to those of other S. gordonii strains. Other S. mitis strains were not used in that DNA hybridization study (42) . A partial 16S rRNA sequence from S. parasanguis was found to be most similar to a corresponding sequence from S. sanguis. However, no S. mitis strain was included in sequencing studies (42) . Ribotyping cannot be used to establish whether S. mitis and S. parasanguis are the same or different species, but our results suggest that further DNA hybridization or rRNA sequencing studies of both groups may be appropriate. Although species identification was of primary interest in this study, ribotyping also may be useful for defining sets of strains within species. Visual comparison of common bands in PvuII patterns suggested two major sets of S. gordonii strains, with the larger set being divisible into three consistent subsets by AatII, BamHI, and DraII. Those groups correspond in part to biovars 1, 2, and 3 of Kilian et al. (23) . However, the ribotype for strain M5 (biovar 2) was more similar to that for S7 (biovar 3) than to that for ATCC 10558 and Blackburn (biovar 2). Strain ATCC 12396 (biovar 1) also appeared more similar to S7 and M5 than did strain ATCC 33399 (biovar 3). A similar division of S. mitis and S. parasanguis strains into two sets could be made with AlwNI and EcoRI. The distribution of S. mitis strains in each set corresponds to biovar 1 (NCTC 10712 and NCITC 12261) and biovar 2 (ATCC 903) of Kilian et al. (23) . Their separation of S. sanguis ATCC 10556 (biovar 1) and 804 (biovar 2) also is consistent with AatII, PvuII, and EcoRI ribotypes. However, it is important to note that similarity of clinical isolate 13379 to strain ATCC 10556 or 804 depended on which enzyme was used (although it was most similar to S. sanguis strains with all enzymes). This suggests that subgroups established on the basis of ribotyping should be considered tentative until confirmed with multiple restriction enzymes and other methods.
Some authors have used the presence or absence of ribotype bands as a basis for quantitative measures of strain similarity (1, 22, 31, 43) . We did not attempt that in this study, because estimated band sizes for replicates of the same strain run in different gels did not always agree. Inconsistency in size estimates may be related to variation in running conditions, but disagreements were most pronounced for large and small bands. This suggests that effects of minor variations may be magnified by the logarithmic scale used for size estimation in conventional agarose gels (34 Fig. 1 and 2 . The presence or absence of the 2,290-bp band then could be used to distinguish members of the S. oralis-S. mitis and S. gordonii-S. sanguis lineages, while S. crista strains may be identifiable as distinct from either group. Unique bands in AatII ribotypes also may allow strain identification at this stage. AatII ribotypes shown in Fig. 1 might be sufficient to discriminate among S. gordonii and S. sanguis isolates, but PvuII ribotypes would allow preliminary identifications to be checked by comparison with the patterns in Fig. 3 . AlwNI ribotypes of isolates showing the 2,290-bp AatII band then could be compared with Fig. 4 and 5 to separate S. oralis strains from members of the S. mitis-S. parasanguis group. Phenotypic tests described by Beighton et al. (2) then might be used to separate those two species.
The above strategy must be regarded as tentative, since our panel may not provide a representative sample of ribotypes within streptococcal species. However, all strains used here were previously classified by DNA hybridization, and that may provide added confidence in the suitability of the panel. It is encouraging that this set of reference patterns could be used to assign clinical isolate 13379 to S. sanguis. Our current goals are to supplement the panel with additional strains of known affiliation while attempting to identify a large set of oral isolates previously assigned to the sanguis group on the basis of colony morphology (32) . Successful classification of a large proportion of those isolates would suggest that ribotyping can provide a useful approach to genotypic identification of oral streptococci. Ribotyping then could be applied as a supplement to phenotypic identification protocols in clinical studies.
